Some of the most remarkable phenomena-and greatest theoretical challengesin condensed matter physics arise when d or f electrons are neither fully localized around their host nuclei, nor fully itinerant. This localized/itinerant "duality" underlies the correlated electronic states of the high-T c cuprate superconductors and the heavy-fermion intermetallics, and is nowhere more apparent than in the 5f valence electrons of plutonium. Here we report the full set of symmetry-resolved elastic moduli of PuCoGa 5 -the highest T c superconductor of the heavy fermions (T c =18.5 K)-and find that the bulk modulus softens anomalously over a wide range in temperature above T c . Because the bulk modulus is known to couple strongly to the valence state, we propose that plutonium valence fluctuations drive this elastic softening. This elastic softening is observed to disappear when the superconducting gap opens at T c , suggesting that plutonium valence fluctuations have a strong footprint on the Fermi surface, and that PuCoGa 5 avoids a valence-transition by entering the superconducting state. These measurements provide direct evidence of a valence instability in a plutonium compound, and suggest that the unusually high-T c in this system is driven by valence fluctuations. and 5f 4 (Pu 4+ ) orbitals all residing near the Fermi level and all partially occupied. Because of this proximity to the conduction band, plutonium's 5f electrons cannot be understood as either as fully localized nor fully itinerant 4 . This duality of the 5f electrons is common to many plutonium compounds, and to elemental plutonium itself 8, 9 . In contrast, the analogous
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We do not observe any sudden onset of softening at the Kondo temperature in PuCoGa 5
(T K ≈ 250 12 ), and the temperature dependence we do observe is qualitatively different from what is observed in other Kondo systems (e.g., CeCu 6 , CeRu 2 Si 2 23 ). Thus we attribute the softening to valence fluctuations, similar to YbInCu 4 , which has a valence transition at T = 65 K, and which also shows ∼ 1/ (T − T v ) elastic softening over a broad temperature is degenerate with 5f 4 (Pu 4+ , 29%) and 5f 6 (Pu 2+ , 9%), resulting in an average valence z ≈ 3.2. In PuCoIn 5 , which has a 9% longerĉ-axis and 8% longerâ-andb-axes than PuCoGa 5 , the configurational weight among the 5f orbitals is distributed differently: 77% of 5f 5 , 21% of 5f 4 , and 2% of 5f 6 , with the same average valence of z ≈ 3. 
